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Abstract

Some of Arkansas’ most historic bridges lie abandoned and deteriorating with no
historic documentation available. While photographic and written documentation can be
produced for these bridges, their deteriorated condition does not allow architects to take
the physical measurements necessary to produce measured drawings. This project was an
attempt to find an alternate method to requiring architects to physically take the
measurements necessary to produce measured drawings on abandoned and deteriorated
historic bridges. Two bridges were selected, an abandoned historic bridge and a
previously drawn bridge, to determine if measured drawings could be produced from
laser scans of the abandoned historic bridge and to determine the accuracy by comparing
the drawings created from scanning the previously drawn bridge to those created by the
National Park Service for the bridge. These bridges were scanned over three days in
September and five days in December-January in 2007/2008. The point clouds generated
by the laser scanner were then sent to a consultant and the resulting measured drawings
were submitted for review and acceptance by the Historic American Engineering Record
of the National Park Service. The drawings were accepted by the National Park Service
in October 2009. The project found that the use of a laser scanner is a safe and cost
effective alternative to collecting physical measurements on an unsafe historic bridge and
that a laser scanner can acquire measurements equal to those done by hand from a
distance of at least 100 feet. In addition it can substantially reduce the field time
necessary to collect the data and by using the point cloud produced from scanner;
measured drawings can be produced in less time and for less cost than using traditional
survey and drafting techniques.



Introduction

One of the goals of any historic bridge program is to document all of its bridges to
the highest standards possible. Generally the Historic American Engineering Record
(HAER) documentation conducted by the National Park Service (NPS) is considered the
best documentation. This documentation consists of written histories, black and white
photographs and measured drawings. Unfortunately, in most cases this is not possible
due to financial constraints and most programs find themselves reserving this
documentation effort for their most significant bridges. Even in the cases where the
program can afford to produce all the documentation, they may find themselves unable to
complete the measured drawings portion of the documentation due to the safety issues
related to architects taking measurements on an abandoned and deteriorated historic
bridge. This project was an attempt to find an alternate method to requiring
architects/surveyors to physically take the measurements necessary to produce these
measured drawings.

Previous NPS HAER projects

Three NPS HAER Level I documentation projects had been sponsored by AHTD
between 1988 and 2007. The first in 1988 cost $40,000, with four bridges drawn, plus
written histories and photographs for 20 bridges and took one year and six months to
complete. The second project in 2004 cost $52,000, with three bridges drawn, plus
written histories and photographs for 10 bridges and took nine months to complete. The
third project in 2007 cost $62,000, with one bridge drawn, plus written histories and
photographs for 12 bridges and took nine months to complete.

Problem Statement

A problem statement was submitted to the Arkansas Transportation Research
Committee (TRC) in the fall of 2006 proposing to study the possibility of using a laser
scanner to produce the required measurements:

“One of the goals of the Arkansas State Highway and Transportation
(AHTD) Historic Bridge Program is to document all of the historic bridges
in the state to Historic American Engineering Record (HAER) standards.
These standards set by the National Park Service (NPS) include producing a
detailed history of the bridge, archival black and white photographs and a
set of measured drawings. While a detailed history and photographs of a
bridge can be accomplished from a distance, the design drawings require
detailed measurements of the bridge. These measurements can only be
accomplished by accessing the deck and with metal trusses the upper and



lower cords. A number of Arkansas’ oldest, most important bridges do not
have design plans or measured drawings. NPS Architects are unable to
access the bridges due safety issues raised by their deteriorated conditions,
which have resulted from these bridges being abandoned. This design
information is a critical part of the HAER documentation and is an
important component for the accurate documentation of the history of
bridge construction in the State.

The objective of the project is to determine if it is possible to
produce measured drawings for a selected abandoned bridge that is unsafe
for the NPS Architects to access for safety reasons, by using a laser
scanning device to collect the data at a distance from the bridge.

We propose to use the abandoned Old River Bridge over the Saline
River in Saline County as the test bridge. We would contract with a
company or university that has experience with laser scanning of structures
to scan the Old River Bridge, merge the scans into a point cloud and then
create drawings acceptable the NPS HAER unit. The process is estimated
to take eight months, with the field scanning taking around a week, the
point cloud development around a month to two months and creating the
drawings around four to six months.”

The project was approved by the TRC in December of 2006 with a budget of
$119,600.00. A TRC Subcommittee was then created to determine the whether the
project should be conducted by a contractor or produced in-house, what specifications the
NPS HAER section would require to accept measured drawings from a laser scanner and
what type of laser scanner should be used to scan the bridge.

Contractor or In-house

Initially, the project Subcommittee decided to investigate the opportunity to make
this an “in-house” project due to the AHTD’s continuing need to document and record
historic bridges. Unique to this project is the method of using a laser scanner to acquire
the measurements thus negating the safety concerns of concerns of performing physical
measurements on historic bridges in extremely poor condition and the fact that NPS
HAER specifications have not been fully developed regarding measurement accuracies
through laser scanner methods. After discussions with NPS HAER it was determined
that a resolution of a quarter inch would be acceptable. To meet these requirements, a
review of manufacturer’s specifications indicated that only those laser scanners priced
above $100,000 were capable of acquiring these precision measurements.



Since the project’s budget was not enough to pay for a laser scanner and
subsequent investigations did not find another similar and safe method of acquiring these
precision measurements without purchasing a laser scanner, the only recourse left was to
consider subcontracting the project to an experienced engineering firm or university
which would furnish little or no training for AHTD personnel and would probably
commit the AHTD to contracting all future projects that included measured drawings for
deteriorated bridges. However, during this time the Surveys Division of AHTD
expressed an interest in purchasing a laser scanner for use to survey busy intersections in
addition to using it for this project.

Approval for Surveys to purchase the scanner for use with the project was

received from AHTD’s Administration with the project’s Subcommittee overseeing all
aspects of the research project including training and scheduling.

Selecting the Laser Scanner

Two types of laser scanners (time-of-flight and triangulation) were investigated for
use by the project.

The time-of-flight laser scanner is an active scanner that uses laser light to probe
the subject. At the heart of this type of scanner is a laser rangefinder. The rangefinder
determines the distance of a surface by timing the round-trip time of a pulse of light
produced by the laser. The scanner scans its entire field of view one point at a time by
changing the range finder’s direction of view to scan different points. Typically a time-
of-flight laser scanner can measure 10 to 15 points every second.

The triangulation laser scanner is also an active scanner that uses laser light to
probe the subject. The triangulation laser shines a laser on the subject and uses a camera
to look for the location of the laser on its surface. Typically, this uses a laser stripe to
scan the object instead of a dot.

The time-of-flight laser scanner is able to operate over long distances 100-250
meters with accuracies in the millimeter range. While the triangulation laser scanner will
only operate at limited ranges possibly as high as 5 meters, but with accuracies in the
micrometer range (Katsushi, 2010).

Both laser scanners were reviewed with the requirements of the project in mind.
After the review was completed, the Subcommittee determined that the time-of-flight
laser scanner was the right choice due to the distances required to scan a large object such
as a bridge and that the differences in the accuracies was minimal.





















Figure 8. Transverse Section from 2005 NPS HAER Ward’s Crossing Bridge
drawings.
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Figure 9. Transverse Section drawings created from the Ward’s Crossing Bridge
point cloud.

17



3-Dimesional Models

During the creation of the measured drawings, a 3-dimensional model of the
bridge is developed from the point cloud. The model is then used to create the actual
drawings. After the project was completed AHTD requested a copy of the models for the
Old River and Ward’s Crossing Bridges. These models were then used to create 3-
dimensional fly-through video files of the bridges which were placed on the AHTD
website.

Figure 10. 3-Dimensional Model of the Ward’s Crossing Bridge.

Project Results

The results of the project confirmed that laser scans taken of abandoned historic
bridges would produce resolutions good enough to create measured drawings acceptable
to the NPS HAER. The laser scan drawings are comparable in every way with the NPS
HAER drawings. The 1/4 inch resolution allowed the scanner to pick up almost the same
level of detail as physical measurements would, with the exception of the limited number
of areas inaccessible to the scanner.

A comparison of transverse sections of the Ward’s Crossing Bridge found that the

laser scan produced drawings that accurately depicted the “as found” condition of the
bridge. This can be seen by comparing the red arrows on Figures 8 & 9. Red Arrow A
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contrasts the bridge portals which show a clear deformation on the laser scan drawing,
but is level in the NPS HAER drawing. The same situation is seen with Red Arrow B
which shows the deformation of the vertical limit bar.

Because the project was using a bridge that had previously been drawn by NPS
HAER to determine the accuracy of the laser scanning, the Subcommittee decided that
the cost, time and level of effort required to produce measured drawings for the bridge
should be compared with the NPS HAER work conducted on the Ward’s Crossing Bridge
in 2005.

A comparison of the cost of producing measured drawings for Ward’s Crossing
Bridge using laser scanning vs. physical measurements was almost half of what the NPS
HAER charged (NPS HAER - $20,000 vs. AHTD - $11,500). Also the use of a laser
scanner substantially reduced the field data collection time (NPS HAER — 1 month vs.
AHTD - 3 to 5 days). Finally the use of a consultant greatly reduced drawing time (NPS
HAER — 9 to 18 months vs. AHTD - 4 months). Some additional benefits of using a laser
scanner were that scans could be taken of a bridge and archived to be drawn at a later
date and that 3-D models are created as a by-product during the creation of the drawings
at no extra cost to a project.

The final cost for producing the drawings was $11,460. GMD Inc. charged $6,555
for the Old River Bridge, $3,805 for the Ward’s Crossing Bridge and $1000 for two
Mylar prints of the measured drawings. The 3-dimensional models were created as part
of the drawing process and received at no cost. The total time from the creation of the
drawings until there acceptance by the Subcommittee was four months. The drawings
were created within the original time frame of one month projected by the consultant, but
subsequent revisions be both AHTD and NPS HAER extended the project time.

Other costs incurred by the project included salaries and travel costs of the survey
crews needed to operate the scanner - $23,706 and the purchase of computer equipment
and software - $32, 103. The total costs expended from the project budget were $67,460.

The use of a laser scanner has been found to be a safe and cost effective alternative
to collecting physical measurements on an unsafe historic bridge. A laser scanner can
acquire measurements equal to those done by hand from a distance of at least 100 feet
and substantially reduces the field time necessary to collect them. Using the point cloud
produced by the laser scanner; measured drawings can be produced in less time and for
less cost than using traditional survey and drafting techniques.
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The Future

After completion of the project, scheduling of laser scanning for historic bridges
programmed for replacement was incorporated into the AHTD Survey Division’s project
planning process. Fourteen historic bridges were then scheduled for scanning, with the
point clouds generated from these bridge scans to be archived for future use.

The project committee then met a final time to discuss any future issues identified
during the project that should be investigated. The meeting resulted in the identification
of three issues needing further investigation. These issues were; determining the best
format for long term archival of the point clouds, determining the most cost effective way
to produce drawings from the point clouds (in-house vs. consultant), and investigating the
usefulness of laser scanning to aid in the maintenance and rehabilitation of historic
bridges. The committee believes that the investigation of these issues would potentially
increase the cost effectiveness of the laser scanning of historic bridges as a common
mitigation strategy and contribute to the effectiveness of historic bridge maintenance
programs as well as historic bridges rehabilitation projects.
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